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“Friends and enemies”: a matrix representation of exposure to global shocks

* Rapid economic growth in China and other emerging countries has seen a drastic
change in relative economic size of nations
— Classic question in international trade is the effect of such economic growth on
and welfare in trade partners
— Related question in political economy is whether such changes in relative economic size
heighten (Thucydides Trap)
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“Friends and enemies”: a matrix representation of exposure to global shocks

* Rapid economic growth in China and other emerging countries has seen a drastic
change in relative economic size of nations
— Classic question in international trade is the effect of such economic growth on income
and welfare in trade partners
— Related question in political economy is whether such changes in relative economic size
heighten political tension (Thucydides Trap)

¢ We provide new theory and evidence on both of these questions
— Develop bilateral “friends” and “enemies” measures of countries” income and welfare
exposure to foreign productivity shocks
— Sufficient statistics that can be computed using only observed trade database
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“Friends and enemies”: a matrix representation of exposure to global shocks

¢ Rapid economic growth in China and other emerging countries has seen a drastic
change in relative economic size of nations
— Classic question in international trade is the effect of such economic growth on income
and welfare in trade partners
— Related question in political economy is whether such changes in relative economic size
heighten political tension (Thucydides Trap)

¢ We provide new theory and evidence on both of these questions

— Develop bilateral “friends” and “enemies” measures of countries” income and welfare
exposure to foreign productivity shocks

— Sufficient statistics that can be computed using only observed trade database

— Reveal economic mechanisms underlying quantitative results

— Exact for small shocks in the class of international trade models characterized by a
constant trade elasticity

— For large shocks, we characterize the quality of approximation in terms of observed trade
matrices and show in practice almost exact

— Computationally fast (> 1 million counterfactuals in seconds)

— Easy to examine sensitivity of quantitative results across alternative models (e.g. many
sectors, input-output linkages, economic geography)
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“Friends and enemies”: a matrix representation of exposure to global shocks

e First-order effect of a productivity shock in a given country on welfare in each
country depends on three matrices of observed trade shares
- : expenditure share of importer on exporter
— Income share (T): share of exporter income derived from each importer
— Cross-substitution matrix (M): how 1 competitiveness of one country = consumers
substitute away all other countries in each market
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“Friends and enemies”: a matrix representation of exposure to global shocks

e First-order effect of a productivity shock in a given country on welfare in each
country depends on three matrices of observed trade shares
— Expenditure shares (S): expenditure share of importer on exporter
— Income share (T): share of exporter income derived from each importer
— Cross-substitution matrix (M): how 1 competitiveness of one country = consumers
substitute away all other countries in each market

¢ Use this matrix representation to reveal economic mechanisms
— Income exposure: market-size and substitution effect

Welfare exposure: income exposure and cost-of-living effect

Partial and general equilibrium effects
Evaluate contribution of individual sectors

Evaluate contribution of importer, exporter, and third markets
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“Friends and enemies”: a matrix representation of exposure to global shocks

e First-order effect of a productivity shock in a given country on welfare in each
country depends on three matrices of observed trade shares
— Expenditure shares (S): expenditure share of importer on exporter
— Income share (T): share of exporter income derived from each importer
— Cross-substitution matrix (M): how 1 competitiveness of one country = consumers
substitute away all other countries in each market

¢ Use this matrix representation to reveal economic mechanisms
— Income exposure: market-size and substitution effect

Welfare exposure: income exposure and cost-of-living effect

Partial and general equilibrium effects
Evaluate contribution of individual sectors

Evaluate contribution of importer, exporter, and third markets

e Empirical application using NBER world trade data and international relations
— Impact of productivity shocks on global income and welfare
— Almost exact approximation to exact hat algebra even for productivity shocks
orders-of-magnitude larger than implied by the observed data (R% > 0.999)
— As countries become greater economic friends, they also become greater political friends,
as measured by UN Voting and strategic rivalries 3/40
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Extensions

e Data

Empirical Results

¢ Conclusions
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General Armington

* Goods differentiated by country of origin with homothetic preferences

- wy Pri = TyiW;
n= 57\ ni —
P (pn) Zj

* Market clearing ( is importer, i is exporter):

N
@ﬁ(Pn)
wili =Y Spit0nln, Sni = N

n=1 2521 enk’(Pn)
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General Armington

* Goods differentiated by country of origin with homothetic preferences

- wy Pri = TyiW;
n= 5N\ ni —
P (pn) Zj

* Market clearing ( is importer, i is exporter):

N
€m‘(Pn)
wil; = Z SniWnln, Sni = SN . N

n=1 2521 enZ(Pn)

¢ Totally differentiate for prod. shocks, holding trade costs and endowments const.

 _ SniWnLa 0. = dlne, (p,)
in = wiL; ' nih dln D
share of i’s income cross price elasticity of

derived from market n n’s expenditure on i

N
dinu, = dlnw, — Zsm [dInw; — dInz]
i=1
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Constant Trade Elasticity

N N
dlnwi: Ztm (dlnwn—i—G(Z th—ll h dlnwh—dlnzh]>>
n=1 h=1

N
(Welfare exposure) dlInu, = dInw, — Z Spi [dInw; — dlnz)
i=1
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Constant Trade Elasticity

N N
dlnwi: Ztm <d|nwn+9<z th—ll h dlnwh—dlnzh]>>
n=1 h=1

N
(Welfare exposure) dlInu, = dInw, — Z Spi [dInw; — dlnz)
i=1

 Stacking these derivatives, we obtain “friends” and “enemies” representation

dinu = dihw —S(dlnw—dlnz)
~—— ~——

welfare effect income effect

cost of living effect

SpiwnL
Sni = Sni, Tip =tin = mfz'n, My, [TS - I Z tinsni — 1n=
Wiki h=1
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Friends and Enemies

¢ Income exposure again:
dinw=TdInw+6M x (dInw— dInz)

® Re-arranging and using world GDP as numeraire (Qd Inw = 0)

(I—V)dlnw:—eoﬁMdlnz, VET_._T?TS—Q

Invert and obtain the “friends” and “enemies” income exposure matrix

dinw =WdlInz,

e “Friends” and “enemies” welfare exposure:

dinu = UdlInz, U=(I-S)W+S

Partial and general equilibrium effects

0 0
= VM M (V+ Vit )m
N 1 Z o117 ori\ "
———
partial equilibrium general equilibrium
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¢ General Armington
* Constant Elasticity Armington

¢ Extensions

— Trade Imbalance

Productivity and trade cost changes

Small departures from constant trade elasticity

Multiple industries and input-output linkages (CP)

Economic geography (Helpman)
e Data
e Empirical Results

¢ Conclusions
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Multiple Industries (Costinot-Donaldson-Komunjier)

dinw = Tdihw +60MXx (dinw— dlInz)

income effect market-size effect

cross-substitution effect

dlnu = dlhw —S(dinw—dinz)
—— ——"

welfare effect income effect

price index effect

K K .k
=y & =Y 53 nLn
n— in L !
k=1 k=1 Wik
K k k
Z Z tzhshz L=, Sni = Z XySni
—1k=1 k=1
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Theoretical framework

Empirical Results

Conclusions
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¢ International trade data

— United Nations COMTRADE data
— NBER World Trade Database 1970-2012

* Income, population and distance data
— CEPII Gravity Database 1970-2017
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e Theoretical framework

e Data

— Impact of Chinese productivity growth

- Effects on US welfare and income

- Isolating the mechanisms underlying these effects
- Effects on commodity exporting countries

- Effects on the Asian Tigers

— Economic and political friends and enemies

¢ Conclusions
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Quality of the Approximation

s Approximation VS Full Solution Using Recovered A (1990-1991)

i Full Solution

08

06

04
0.4 0.6 0.8 1 1.2 14 1.6

w Approximation

® Use exact-hat algebra to recover (up to normalization) changes in trade costs (7 ; 9) and
productivity (2,) that exactly rationalize observed trade data

¢ Undertake exact-hat algebra counterfactual for a change in productivity (Z,)

¢ Compare the exact-hat algebra counterfactuals for income (@) to the predictions of our

. . . Inw, 2
linearization (4N s
( dinz, n)

14 /40



Monte Carlo Simulation

Approximation Quality: Monte-Carlo Simulations
o 152000-2010 Productivity Shocks; Elasticity = 5

0.1

0.05

0.998 1 1.002 1.004 1.006 1.008
Regression Coefficient: Exact Solution on Approximation

0.1

0.99988 0.99992 0.99996 1
Coefficient of Correlation

¢ 1,000 simulations from empirical distribution productivity shocks
® Better approximation for productivity shocks than trade cost shocks
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Comparison with Exact-Hat Algebra

Exact hat algebra by Dekle, Eaton and Kortum (2007):

I F </ H ) | : l | i t Zzy”
nNw; = —— | Inz; n n————————
I ~H71/ 0+1 / Zx\:l‘gwd'ﬂ):”

n=1 ¢~

Our bilateral friend-enemy representation can be re-written as:
N

. 0 . 1
Inw; =~ <m>lnz,'+m2tm

n=1

In ()
L0 syt In () +In (2] }

+In2"Hg Iz + O (H |nzu3)

These expressions coincide under autarky or free trade (t;, = ty, S,; = 5;)

Quality of the approximation depends on properties of the Hessian matrix Hy, [ more ]

In practice, approximation almost exact, even for productivity shocks orders of
magnitude larger than those implied by trade data €9
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Theoretical framework

e Data

— Quality of the approximation

— Economic and political friends and enemies

e Conclusions
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Global Welfare Exposure
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e Growing economic interdependence, consistent with increasing globalization
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* Growing dispersion in economic interdependence, consistent with increasing
globalization



Chinese Productivity Growth on U.S., Germany, and Japan

Income Exposure Relative to OECD Average (Various Importers, China Exporter) Weltare Exposure (Various Importer, China Exporter)
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* Chinese productivity growth has reduced aggregate US , but

increased aggregate US welfare
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Global Welfare Exposure Network in
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Global Welfare Exposure Network in 1985
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Global Welfare Exposure Network in 2000
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Global Welfare Exposure Network in 2012

MEX
CHL
VEN
EGY
AUS )
IPN
i SAU
THEA IND
v IR MYS- | TWN
b “ARE
SGP Y
« U¢HN =
PER bzA RQ
BRA CHE IRL
FRA - BEL Y
ITA ESP
USR
WDEU @ -
0L CSK
FIN ZAF
AUT
COoL
SWE ARG
NOR
DNE

24 /40



Welfare Exposure N. America

(a) 1970 (b) 2012
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* Growing US-Mexico, Mexico-China and Mexico-US exposure
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Welfare Exposure Asia

(a) 1970 (b) 2012
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¢ China replaces Japan at the center of Asian trade
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Welfare Exposure Europe

(a) 1988 (b) 2012
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* Reorientation Central European trade after the Fall of Iron Curtain
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Third Market Effects of U.S. Welfare Exposure to China
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Industry-Level Income Exposure of U.S. to China

USA Exposure to China: Industry Income Effects
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Industry-Level Income Exposure of Asian Economies to China

Exposure to China in South-East Asia: Industry Income Effects
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Industry-Level Income Exposure of Commodity E
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Comparisons Across Models

Income Exposure Relative to OECD Average (USA Importer, China Exporter) Welfare Exposure (USA Importer, China Exporter)
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e Strong correlation between aggregate predictions of all three models
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Partial and General Equilibrium Income Effects
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Summary of Other Empirical Results

* Strong general equilibrium effects, such that inferring welfare exposure from partial
equilibrium terms can be misleading €29

e Both market-size and cross-substitution effects are substantial relative to overall
income exposure €9

o Cost-of-living effect large relative to income exposure, such that income exposure can
be poor guide to welfare exposure CEED

 Economically relevant importer, exporter & third-market effects

* Strong correlation between aggregate welfare predictions of single-sector,
multi-sector and input-output models CEED

® Multi-sector and input-output models have additional disaggregated predictions for
sector income exposure CEED

* Chinese productivity growth strongest negative income effects for the Textiles sector and
strongest positive income effects for Medical, Electrical and Petroleum sectors in other Asian

countries O
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General Armington

Constant Elasticity Armington

e Extensions

Data

— Quality of the approximation
— Global productivity shocks, income and welfare

Conclusions
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Bilateral Political Attitudes

¢ Political economy debate about whether increased between
countries involves heightened political tension
— Parallels between China-US tensions and Germany-UK around turn 20th Century and
Athens-Sparta in Ancient Greece (Thucydides Trap)?
— Reasons for skepticism: trade is not zero sum
— Remains possible that economic exposure is predictive of political relationship
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¢ Political economy debate about whether increased economic conflict between
countries involves heightened political tension
— Parallels between China-US tensions and Germany-UK around turn 20th Century and
Athens-Sparta in Ancient Greece (Thucydides Trap)?
— Reasons for skepticism: trade is not zero sum
— Remains possible that economic exposure is predictive of political relationship

* Consider two main measures of countries bilateral political attitudes
— Bilateral voting similarity in United Nations General Assembly (UNGA)
— Bilateral strategic rivalries (Thompson 2001, Colaresi et al. 2010) based on contemporary
perceptions by political decision makers of competitors, threats or enemies
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Bilateral Political Attitudes

¢ Political economy debate about whether increased economic conflict between
countries involves heightened political tension
— Parallels between China-US tensions and Germany-UK around turn 20th Century and
Athens-Sparta in Ancient Greece (Thucydides Trap)?
— Reasons for skepticism: trade is not zero sum
— Remains possible that economic exposure is predictive of political relationship

* Consider two main measures of countries bilateral political attitudes
— Bilateral voting similarity in United Nations General Assembly (UNGA)
— Bilateral strategic rivalries (Thompson 2001, Colaresi et al. 2010) based on contemporary
perceptions by political decision makers of competitors, threats or enemies

¢ Examine whether as countries become greater economic friends, they also become
greater political friends
Apit = PUnit + i + di + €nit

— Diff-in-diff interpretation, across time and country-pairs
— Instrument welfare exposure U with predicted trade flows from gravity; variation arises
from changes in loading on distance
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Positive welfare exposure predicts bilateral voting similarity in UNGA (2SLS)

Political Outcome Voting Similarity-S' Voting Similarity-r Voting Similarity-m Distance in ideal points
1) ) (3) (4) (5) ©) ) (8) ©) (10) (11) (12)
Panel A: Welfare exposure in single-sector model
USingle—sector  gy3erix  ggrgerr  1178%** 23.09%*%  19.50***  21.54*** 26.09%%%  20.10%%*  24.79%** 37.26%F% -2859%*F 32,97
(2.738) (2:307) (2.446) (4.644) (4.401) (4.434) (5.403) (4.647) (4.967) (10.82) (9.790) (8.535)

Panel B: Welfare exposure in multi-sector model

UMulti—sector 9.635%** 9.725%** 11.66*** 22.85%** 19.32%** 21.32%** 25.82%** 19.91%** 24.54*** -36.87*** -28.32%** -32.64%**
(2.710) (2:293) (2.428) (46100 (4377)  (4407) (5356)  (4.618)  (4.933) (10.73) (9.732) (8.487)

Panel C: Welfare exposure in input-output model

Ulnput=Output 50 41%%%  21.94*%*  26.14*** 48.42°%%  43.59%%%  47.80%* 54.69%%%  44.93*%*  5500%** 76947 62,994 72.19*%**
(5.211) (4.527) (4.638) (7.965) (8.452) (8.192) (9.379) (8.962) (9.156) (20.24) (20.00) (16.74)

Specification: 25LS

Exp X Imp Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes No No Yes No No Yes No No Yes No No
Exp X Year No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Imp x Year No No Yes No No Yes No No Yes No No Yes
No. of Obs. 585884 585884 585884 585884 585884 585884 585884 585884 585884 567790 567790 567790
No. of Clusters 14721 14721 14721 14721 14721 14721 14721 14721 14721 14479 14479 14479

Standard errors in parentheses are clustered at country-pair level
*p < 0.1, p<0.05** p<0.01
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Negative welfare exposure predicts strategic rivalry (2SLS)

Strategic rivalry (any type)

1) 2 G (4 ) (6) ™ ® ©
USinglcfsc.ctor LATATFFF 5.073%%F 5.379%**
(1.782) (1.823) (1.960)

UMulti—sector S4.695%*%  -5.029%**  -5331%%*
(1.766) (1.810) (1.944)

yinput—Output -9.831"**  -11.25"**  -11.83***
(3.495)  (3.812)  (4.054)

Specification: 2SLS

Exp x Imp Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes No No Yes No No Yes No No
Exp x Year No Yes Yes No Yes Yes No Yes Yes
Imp x Year No No Yes No No Yes No No Yes
No. of Obs. 610954 610954 610954 610954 610954 610954 610954 610954 610954
No. of Clusters 14761 14761 14761 14761 14761 14761 14761 14761 14761

Standard errors in parentheses are clustered at country-pair level
*p<0.1," p<0.05 " p<0.01
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Conclusion: International Friends and Enemies

* We develop a bilateral matrix representation of exposure to global shocks

— Focus on foreign productivity shocks, but methodology holds for trade cost shocks
— Holds in ACR-plus class of models with constant trade elasticity and various extensions

- Multi-sector environments (CDK), input-output linkages (CP), and economic geography
(Helpman)

* Our representation is a linearization: exact for small shocks & one constant trade
elasticity
— We theoretically characterize the quality of the approximation for large shocks

- Show the exact hat algebra is almost log-linear for prod. shocks given observed trade data
(R% > 0.999)

— We develop a bound for departures from a constant trade elasticity

* Our approach yields sufficient statistics that isolate economic mechanisms

— Exports/imports; input/output markets; income/cost of living effects

e Empirical application using NBER world trade data from 1970-2012
— Impact of Chinese productivity growth on income and welfare
— Economic “friends or enemies” are also political “friends or enemies”
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Small Departures from a Constant Trade Elasticity

e With constant trade elasticity, cross-price-elasticity for country n of the expenditure
share for good i with respect to the price of good h is:

(s,p—1)0 ifi=h
Onin = .
Sunf otherwise

* Without loss of generality, can represent cross-price-elasticity for any homothetic
demand system as:

0 (s —1) 0+ €, ifi=h
n =
" Spn0 + Enin otherwise

¢ Noting that homotheticity implies ZkN:] Skl = 0, we obtain:
dinw=TdlInw+ (M +¢€) x (dlnw — dInz),

dinu=dlhw—-S(dlnw — dInz),
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Small Departures from a Constant Trade Elasticity

Proposition
Let dInw be the solution to the general Armington model in equation and let d \nw be the solution
to the constant elasticity of substitution (CES) Armington model. Then

. ||m— dlnw|| 0 -1 -1
| < I-V I-(W
i T awl S ot V- W)

* In our empirical application, the RHS ranges between 1.5 and 2 using the observed
trade data

* Therefore, our “friends-and-enemies” exposure measure is relatively insensitive to
small perturbations in the demand system away from a constant trade elasticity
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Constant Trade Elasticity

e Consider the ACR class of trade models: (i) balanced trade, (ii) profits constant share
of income, (iii) constant trade elasticity

e For example: Constant elasticity Armington (1969)

e Trade shares .
—0
Pri Oni = TniWi
n —

Spi =
N 1—0’ .
Zm:l Pum Zi

* Market clearing

N
wiLi = ) SyiwnLn

n=1

e Welfare
Wn
Uy = ;
o

[Z%:l P}iﬁza}
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Multiple Industries (CDK)

Welfare

N -0
Un L,k' pﬁ = ’)’k [Z (mez) ] '

Hllle (Plfl ) E m=1

D=

Trade shares

—0
sk = (Ph) . pk = Tffz‘;vi
—0"' nt — )

Z]r:zjzl (Pﬁm) Zi

Market clearing
N K
I, — koL
wiL; = S, Wnly.
n=1k=1

Consider common productivity shocks: dIn zlz = dlinz
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e T matrix of the share of country i’s value added derived from its sales to country n

Tin Tip -+ Tin
Tyr Typ -+ Ton S, Ly
T= . . ) Tin =
. ZU,'LZ'
NxN
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e With CES import demand system, the magnitude of cross-substitution effect depends
on 6 and share of expenditure in each market # on the goods produced by country i

(Sni)

My Mp ... Mnn N
M = . . . Miy = Y tyispi — 1y=i
: : . : =1
MNl MN2 “ e MNN
NXxN
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* S Matrix with elements equal to share of country n’s expenditure on country i (and
hence its weight in country n’s cost of living)

S11 S12 -+ SiNn
Sa1 S» -+ Son
S= . . . . ) Spi = Sni
SN1 522 e SNN
NxN
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Relationship to ACR

* Recall our expression for the log change in welfare

N
dinu, = dlnw, — Sum A In Py
m=1

Choose country n’s wage as the numeraire such that:

dinw, =0, dInz;, =0, dInty =0 dlnpy =0

Import demand system implies

dinsyy — dinsy, = —0 (dInpum — dinpuy)

Therefore change in welfare becomes:

N A (dln Aum — dIn /\nn)

dinu, = Z

— 0
m=1
e Using Zﬁle Sym = 1 and 2%:1 ds;;; = 0, we obtain ACR formula
dlns
dlnu, = — 5 n
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Taylor-Series Expansion

e LetZ, = InZy; let f; (2) denote the implicit function that defines In @; as a function of
this vector of log productivity shocks, {Z}

e Let¢; (2) denote the second-order term in the Taylor-series expansion of f; {Z}

¢ The properties of this second-order term depend on the Hessian H, of the function f;
evaluated atz, =0V ¢

€ (%)= ZTHfz
[ 9%i(0)  9%i(0) f(0) ]
62% 02102y U 0210z
Ph0)  PhHO) . i(0)
Hfl = 0Z0Z1 BZ% 02,0z
Ph0)  2%40) (0
RECEREC2 023,
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Second-Order Terms

® Letf = o — 1. Write the second-order Taylor expansion of In@; = f; (Z) as:
Ind; = —0 (In@; — %) + E7, [In ] + 0Ep [In@y — 24] + € () + O (\|z\|3>

® wheree; (2) = ZTHﬁZ represents the second-order term, and Hﬁ is the Hessian of the implicit
function In®; = f; (Z), evaluated at Z = 0.

® The Hessian matrix can be explicitly written as
Hy = (1-T)" VT (diag (M;) — S'diag (T;) S) V (I —T) — BT (diag (T;) — T|T;) B,
® where B=V (TS—1)—-SV(I—T),recallthat V=T + (¢ — 1) M — C, and T;, M; are the i-th
rows of the T and M matrices, respectively.
¢ The second-order term €; (Z) can be re-written more intuitively as
GZJETI. Vs, [In oy — Z] n Vr, (In@; + 0Eg, [In — Z])
2 2 ’

€ (%) =
where E1,, Ey,, Eg,, Vr,, and Vg, are expectations and variances taken using {Tj, };V:l,
{Mi 3N, and {Sx}1., as measures (e.g. Er, [Xu] = X0 TinXn,
2
Vr, [Xa] = 20 TG = (20 T X))
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Second-Order Terms

* Weighted average of second-order terms is zero:

Proposition
Weighted by each country’s income, the second order terms average to zero for any productivity

shock vector: w'e (2) = 0 for all Z.
* Bound second-order terms for an individual country:

Proposition

le; (2)] < [pumaxi| - £z, where u™2*1 s the largest eigenvalue ofo by absolute value. Let ™%
denote the corresponding eigenvector (such that Hg 2™ i = ymaxizmaxiy The ypper-bound for
le; (2)| is achieved when productivity shocks are represented by

Zmaxz . ’6 ( maxz)| _ }‘umax,i} . (zmax,i)TZmax,i
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Second-Order Terms

* Now aggregate these results for the second-order terms for each country, and provide an upper
bound on their sums of squares

Proposition
Let A : RN — R denote the order-4 symmetric tensor defined by the polynomial

N 1 N 2
8 (2) = Z (N Z {Hf"]ab X lﬂ_cvb_d> ZaZpZeZy

a,b,c,d=1 i=1

where [Hf‘} ) is the ab-th entry of Hg. By construction, g (2) = (A, 2 ® 2 ® £ ® Z) represents the inner
a

product and is equal to the cross-equation sum-of-square of the second-order terms (g (2) = % Yi€? (2))
under productivity shock 2. Let u be the spectral norm of A:

AzRzQzRz
A = sup ¢ : )
z [E41E;
where || - ||5 is the {y norm (||z||» = V'zTz). Then

1
Sy D () < iz = \fuzT2
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Small Departures from a Constant Trade Elasticity

e With constant trade elasticity, cross-elasticity for country n of the expenditure share
for good i with respect to the price of good  is:

g (s,p—1)0 ifi=h
=
" Sunf otherwise

* Without loss of generality, can represent cross-elasticity for any homothetic demand
system as:

(s —1) 0+ €, ifi=h
Qnih - )
Sun0 + Enin otherwise

¢ Noting that homotheticity implies ZkN:] Syl = 0, we obtain:
dinw=TdlInw+ (M +¢€) x (dlnw — dInz),

dinu=dlhw—-S(dlnw — dInz),
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Small Departures from a Constant Trade Elasticity

Proposition
Let dInw be the solution to the general Armington model in equation and let d \nw be the solution
to the constant elasticity of substitution (CES) Armington model. Then

|dInw —dInwl| 5
== =~ "V« I—
idnw] = elI-v)|

e In our empirical application, || (I — V)|

observed trade data

| ranges between 1.5 and 2 using the

e Therefore, our “friends-and-enemies” exposure measure is relatively insensitive to
small perturbations in the demand system away from a constant trade elasticity
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Small Departures from a Constant Trade Elasticity

Proof.
Note the following results:

dinw=—(I—V) ' 6MdInz

—

dinw=—(I—V+u) ' 6MdInz

From perturbation theory, we know W <K(I-V) %, where

K (A) = ||Al|||A~Y| is the condition number of matrix A. Note ||u|| = € and the
proposition follows. O
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Trade Imbalance

* Instantaneous welfare is the real value of expenditure (X};)

_ & - wWyLy + dy

Pn Pn

Up

* Market clearing requires that income equals expenditure

N
w;L; = Z Spi [WnLn + dy]

n=1

e Comparative statics for income and welfare

N N N
dinw; = Z i (indln wy + 0 (anhdln Pun —dIn p,,i>> + Z b (Q — 1) dInd,

n=1 h=1 n=1

N
dinuy, = O 'dInw, + (1 - Q;l) dindy — Y SundIn pu

m=1
O, = wyLy +dy
"7 wul,

16 /36



Productivity and Trade Cost Shocks

¢ Income and welfare effects

N N . .
dInw; = Ztni (dlnw,1—|—9 <anh { dinwy, + dinty, } B { dinw; + dInT, }))
n=1

] —dlInz, —dlInz;

N
dinu, = dinwy, — Y s, [dInw; + dInt,; — dinz]
i=1
* Stacking these derivatives for all countries i (rows) and & (columns), obtain “friends”
and “enemies” representation

dinw =TdInw+6M (dinw — dInz)+6(TdInB3 — dinvy)

dinu=dlInw—-S(dihw— dlnz) — ding

e where
N

N
dinB, =) sy dinTy, diny;= Y T, dInt,;
h=1 n=1
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Multi-Industry IO (CP)

¢ Impact of a productivity shock in & on wages and welfare in i
* Stacking these impacts for all countries i (rows) and /1 (columns)
dinw = Tdhw + 6M X (dlnw — dlnz)
—— ——

—— N
income effect market size effect  substitution effect change in costs

dinyu = dlhw —S(dinw— dInz)
~—~— ~—

welfare effect income effect

change in price indices
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Economic Geography

* Economy consists of set of locations indexed by i,n € {1,...,N}
e Economy as a whole has an exogenous supply of L workers
* Workers are perfectly mobile with idiosyncratic preferences
Buby (v)w
u” (1/) _ nvn ( ) n
Pn

¢ Armington consumption goods price index

N e
pn = [ZPL“] o>
i=1
e Idiosyncratic preferences Fréchet distributed
Fy(b) =exp (—=b7"), K>1

¢ Linear production technology

Wi
ni —
Zj
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Economic Geography

e Trade shares

5 — (twiwi/zi) 7
Z{;{:l (Tnmwm/zm)PU
¢ Population shares
=l _ (Buton/pn)"
L Xl (Bywn/pn)"

* Expected utility

Efu]=u=T (KK1> li (Bhwh/Ph)K] %

h=1
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Economic Geography

¢ Impact of productivity shocks on income, population and welfare has a bilateral friend-enemy
matrix representation

® Wages

dlnw = TdInw + Km> TS — (‘7*1>1+ iKs} (dInw —dInz)

1+«

® Population shares
dinE=x(I—-L)[dnw—S(dInw —1I)]

o Welfare
dinit=¢ [dinw — S (dInw —I)]
® where
61 & o N
B 61 & 0 4N
61 & ... N
NxN
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DEK Validation

* Recover productivity and trade cost shocks that exactly rationalize the observed trade
data

e Estimate trade costs

—0Indy; = ubf + uf — 6,0 Indist,; +ul,

In Xyyit = pnt + 1t + Pt Indisty; + €,

X g\ P R

-0 t . A

d = (dm’:ll> = dlSt;f; exp (8,ir)

¢ Recover implied changes in productivity that exactly rationalize changes in income
given changes in trade costs from market clearing

S
Snitdy (Wit /it)

N
Wipw;tLy = Z

~ WitWyt Lt
N —0 (n s O
n=1 Z[:l Snétdn[f (th/Zét)
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DEK Validation

* Undertake DEK counterfactual for productivity growth

N o920
N nitWy "2 N
WiwiLiy = Z — — 00 WnwntLnt
n=1 Z[ 1 5ntWpy Zp;

e Compare DEK counterfactual to our linearization

N w}’l
Z tni N —020
n=1 Z/

Yi—1 Sn(w/

In; = L Ini-—i—il
i=\g¥r1) ™ T 1"

In (W)
0 Y0 Sue [In (@) +1In (2)] |
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Distribution of Recovered A

Recovered A Distribution (1990-1991)

03—

0.4 0.6 0.8 1 1.2 14 16
A 1990-1991
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Actual Versus Counterfactual @

16 Factual VS Counterfactual @ (1990-1991)

N
IS
T
(8]

-
N
T

Counterfactual of Only A Changes

o
@
T

=y
T

o
®
T

04 ' '
04 0.6 0.8 1 1.2 14 16

Factual 1 (Gross Output Per Capita)
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Foreign Policy Similarity

¢ Consider two vectors of binary voting outcomes for two countries
X;€{0,1} and Y;€{0,1} for ie{1,...,I}.

* Consider the following S-score measure of the distance between these two vectors
(Signorino and Ritter 1999)

Y (X - Y)?

S=1—-2x
Dmax

1
Dmax = deax =1
i=1

¢ With binary data, the maximum possible dissimilarity for each outcome is dmax = 1

e S e [-1,1], with S = —1 corresponding to maximum dissimilarity, and S = 1
corresponding to maximum similarity
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Chance Corrected Measures

* Chance corrected measures of foreign policy similarity

— D, : Observed dissimilarity
— D, : Dissimilarity expected by chance

Chance Corrected =1 — —

e With binary data, D, is the sum of the off-diagonal elements of the contingency table

Do =) _pi

i#]

e With binary data, D, is obtained from the product of the marginal proportions for the
off-diagonal elements
D, = Zm,mj
i#j
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Chance Corrected Measures

e Reinterpret S-score as a form of chance-corrected measure CEE9
D, = (1/2)*+(1/2)* =1/2

Szli&zlizi#jpij
D, 1/2

 Scott’s 7T adjusts for the frequency of zeros and ones but assumes homogeneous

marginal distributions of zeros and ones CEE9
D, 1 Yo% Pij

B i i pj.t+p;
D, Yisj (P.erp. ) ( it ,z)

* Cohen’s « adjusts for the frequency of zeros and ones using the observed marginal
distributions €I

T=1-

Yi#j Pij
Kk=1—-—=1—- "
D. YiziPilj
e Compute these measures for each exporter-importer-year observation using data on
UN assembly votes within that year €29
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Similarity Measures (Non-Binary)

e Consider vectors X; and Y; that record vote outcomes i € {1, ..., I}:

X;€{1,23} and Y;€{1,23}, ie{l,....I}

e S-score ; )
Yiog (Xi—Y;) 2 2
SS =1-==__ 7 (dmax) = SUP{(XI' - Yl)}
5 Ti (dmax)’
® jT-score ! 5
gt _1_ i1 (Xi —Y))
— == —
Yin (Xz' - %) + Lin (Yi - %)
® K-score
2
gr — 1 _ 211‘:1 (Xz' B Yi)

L X=X+, (-0 + o, (X - Y)
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(a) Observed Dissimilarity (b) Chance Dissimilarity

0 1 0 1

0| .30 .20 S0 0| .25 23 S0

1 20 30 S0 25 295 50

50 .50 1 S50 .50 l
D,=020+020=040 p = (0.5)2 + (0.5)2
D, =025+ 0.25 = 0.5

i 040 . 30/36



(a) Observed Dissimilarity (b) Chance Dissimilarity

0 1 0 1

0| .30 | .20 S0 0| .25 s S50

1 20 30 50 1 i) 2D 1)

50 50 1 .50 50 1

D, = (o.s;n.s)z + (o.s;o,s)z

D, =025+ 0.25 =05

D, = 0.20 + 0.20 = 0.40

TE=1~%=0.20 31/36



Cohen’s k

(a) Observed Dissimilarity (b) Chance Dissimilarity
0 1 0 1
0 30 | .20 S0 0 25 25 S50
1 20 | .30 50 1 25 25 S50
S0 .50 1 S0 .50 1

D,=020+020=040 D, = (0.5)2 + (0.5)?
D, = 0.25 + 0.25 = 0.5

Kk=1- 040 = 0.20 32/36
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Exporter Shares

Share of Value
1
1

8
o -
T T T T T T
1960 1970 1980 1990 2000 2010
Year
Germany — USA — Japan
——— China  —-————- France =——--—-- Canada
***** Italy —===- UK — — - Netherlands
— — - Korea Rep.
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Importer Shares

Share of Value
1
1

8
o -
T T T T T T
1960 1970 1980 1990 2000 2010
Year
— Germany — USA — Japan
China  ————- France ——--—-- Canada
***** Italy —===- UK — — = China HK SAR
— — - Mexico
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Correlation Countries Bilateral Attitudes

S S* ST D R P
UNGA Voting Similarity =~ Distance in Ideal Points ~ Rivalry PEW Survey
¥ 1
S* 674 1
ST 870 940 1
D -906 -738 -.868 1
R -115 -036 -.070 .075 1
P .247 393 351 -.322 -.220 1
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t-statistics Within Country-Partner Pairs

S ST D R P
SY 49478 68233 -652.17 -11.5 9.81
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